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ABSTRACT
Cary, J. W., 1974, An energy-conserving system for orchard cold protection. Agrie.
Meteorol., 13:339-348.
The possibility of protecting an orchard against cold by enclosing it under a screen
cover was studied in a preliminary field test. At the onset of freezing temperatures, water
was sprinkled on the screen, forming a continuous sheet of thin ice. The screen and ice
cover effectively reduced heat loss from the experimental enclosure. Simulated twig tem-
peratures were 2-10°C warmer inside the enclosure during a variety of weather condi-
tions, with outside air temperatures as low as —20°C. When outside air temperatures were
—5°C, the inside simulated twig temperature could be held above the critical level for
even tender blossoms by briefly sprinkling water under the screen at 10- to 15-min intervals.
Although a screen cover and sprinkler system would be expensive to install, it could pro-
vide excellent cold protection and would be less expensive to operate than conventional
orchard heaters and wind machines. Cooler daytime temperatures under the screen sug-
gest the additional possibilities of dormancy control and reduced evapotranspiration.
INTRODUCTION
Heaters fueled with petroleum-based products are often used to protect
orchards against cold weather. Normally 40-70 heaters per hectare are
needed, though the number can be reduced in localities where temperature
inversions are favorable for wind machines (Kepner, 1951). Individual wind
machines may affect 3 or 4 ha, but, like heaters, they are expensive to install
and operate (Bates, 1972). The high costs, coupled with fuel shortages, air
and noise pollution regulations, and labor problems are increasing the inter-
est in overhead sprinkling for frost protection. The initial investment for
overhead sprinklers may be less than that for orchard heaters and wind
machines. Sprinkler operating costs during a frost period are usually much
*Contribution from the Western Region, Agricultural Research Service, USDA; Idaho
Agricultural Experiment Station cooperating.
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lower than heating costs, but the possibility of serious tree damage from ice
loads is a major disadvantage. Pipe freezing, poor water supply, and drainage
may also create problems.
Other possibilities for cold protection include artificial fog machines,
foam generators, and chemical sprays to make buds and blossoms more
hardy. Under ideal conditions, orchard air temperatures may be raised 1° or
2°C with fog generators, but light winds tend to move the fog away from
the trees. Brewer et al. (1972) concluded that fog machines are not yet
commercially feasible, but Barth°lic (1974) was optimistic following tests
of a new high pressure system. Foam generators have been limited to pro-
tecting vegetation growing a few centimeters above the ground. Burns (1973),
reviewing the tests of chemical sprays for cold protection of citrus trees,
concluded that there are still no satisfactory commercial products. This con-
clusion also apparently applies to deciduous orchards, though it is an area of
active research and advances may be forthcoming.
The major obstacle encountered in orchard cold protection is the rapid
energy loss, 25 Iy/h (Valli, 1970), resulting from convection of warm air out
of the orchard and longwave radiation from the trees and soil to the cold
night sky. The study reported here explores the possibility of reducing the
heat loss by enclosing the orchard in metal screen. Sprinklers could be used
to close the holes in the screen with a film of ice at the onset of freezing
temperatures, thus reducing the longwave loss and convection of warm air.
EXPERIMENTAL TECHNIQUES
The enclosure shown in Fig.1 was studied during the winter of 1973/74. It
was located in south-central Idaho about • 100 m from a National Weather Ser-
vice Instrument Station that provided continuous records of the 30-cm air
temperature and hourly averages of windspeed at 3.65 m. Though various
types of plastic covers have been suggested for frost protection by many
others (including Ferraria, 1970; Brand et al., 1973; Smith, 1973) aluminum
window screen with square openings approximately 1.5 mm on a side, sup-
ported on a metal conduit frame, was used in this study. The conduit was
approximately 2 cm in diameter, and formed a frame covering an area of
4.5 X 6.5 m. Cross-members in the frame made rectangular sections approxi-
mately 2.25 m on a side. Each of these rectangles was braced with galvanized
crosswires. The frame was supported with steel posts at 8 points around its
perimeter. The sides of the enclosure were made from black plastic sheeting
supported by a wire 1 m above the ground. The enclosure was tight at the
ground surface, but a number of gaps several centimeters wide were left
between the top of the plastic sides and the conduit frame that supported the
screen.
The temperature at 6 points was recorded continuously with thermo-
couples encased in 4-cm lengths of nylon tubing 2 mm in diameter. Soil tem-
peratures were measured at the 2-cm depth. Artificial tree twigs were
341
Fig.'. The study site and enclosure with a close-up of the Lop showing ice on the screen
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system may become economically feasible. A large degree of cold protection
is possible, and a screen cover does have a number of potential advantages not
inherent to orchard heaters and wind machines (Table I).
Prototype systems like the one sketched in Fig.5 need to be studied in
areas with different climatic conditions. Informt,tion is particularly needed
on:
(1) The effects of screen shading on growth and production.
(2) The effects of a screen cover on ecological systems associated with fruit
production, particularly with respect to insects and disease.
(3) The specifications for the most efficient screen size and support system.
(4) The specifications for optimum sprinkler design.
( 5 ) The details associated with automation and special management
techniques.
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